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(54) Communications system 



(57) An apparatus and method are provided for outputting DTMF tones at a separate output 25 from the 
audio output 14 of a mobile station MS operating in a communications system where DTMF tones are 
transmitted from time to time from a base station BSS to the mobile station. A further embodiment is 
described (Fig. 5) using out of band signalling for the DTMF tones. The method is further described by means 
of flow charts (Figs. 6 and 7). 
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COMMUNICATIONS SYSTEM 



Field of the Invention 

This invention relates in general to communications systems, and 
more particularly to a method and an apparatus for outputting DTMF 
tones in a communications systems. 

Background to the Invention 

Dual-tone, multiple frequency (DTMF) refers to an access method in 
a communications system where certain tones represented by certain 
frequencies are used to indicate particular numbers or fxmctions. 
Particularly, in a public switch telephone network (PSTN) DTMF can be 
used for dialling purposes at the start of a call and also for sending 
information to the called party diiring a call (e.g., for controlling voice mail 
boxes, answering machines), DTMF may even be used at the end of the 
call to indicate that another call of a certain nature is to be made. 

Similar support is required for digital cellular systems. For 
example, support of auto-answering mobile stations is required especially 
those with note pad facilities which have particular importance to car 
mobile stations where road safety is imperative. 

DTMF is specified in CCITT recommendations Q.23 and Q.24 and 
ideally a digital cellular communications system such as GSM should 
conform to such recommendations in order to allow good inter-working 
with DTMF receiving equipment. 

There is no present GSM specification that defines how a DTMF tone 
must be accommodated in the GSM system in the downlink direction, 
downlink being from a base station to a mobile station. However, various 
methods have been put forward to support such a downlink DTMF tone. 

Referring to FIG. 1, a DTMF signal may be treated as if it were 
normal speech and passed directly to a speech coder 11 in a base station 
system (BSS) 10 and received as if it were normal speech in a speech 
decoder 13 of a iriobile station (MS) 12. Such a transparent method treats 
all PCM signals, including both speech and DTMF signals, the same. The 
PCM signals are inputted at an input 9 to the speech coder 11 in BSS 10 and 
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passed to the speech decoder 13 of the MS 12 without differentiating 
between signal types. 

Referring to FIG. 2, an inband downlink DTMF signalling scheme 
includes the use of a DTMF detector 16 in the speech coder 11 in the BSS 10 
5 and the use of special speech frames to send DTMF when the DTMF 

detector has found a tone. In the MS 12, the speech decoder 13 reacts to the 
receipt of such special speech frames to regenerate the DTMF tone in a 
DTMF receiver/generator 18 through the normal speech output path or 
loudspeaker 14. The special speech frame contains a particular four bit 

10 pattern for each DTMF tone that is distinct from the other 15 DTMF tones 
and a signal that indicates how long the tone is to be generated for, such as 
for at least 20ms or the last 15 ms of frame. In practice, the PCM samples 
are passed to both speech coder 11 and the DTMF detector 16 in the BSS 10. 
If the DTMF detector 16 finds a DTMF tone, it instructs the speech coder 11 

15 to transmit a special speech frame accordingly. In the MS 12 the received 
data is sent to both speech decoder 13 and a DTMF receiver/generator 18. 
When a special speech frame is foimd by the DTMF receiver/generator 18, 
it toggles a switch 21 from A to B and outputs the necessary DTMF tone. In 
normal speech the switch 21 is in position A. 

20 Referring to FIG. 3, an out of band downlink DTMF signalling 

scheme employs the use of the DTMF detector 16 described in reference to 
FIG. 2 but the scheme of FIG. 3 sends the four bit pattern via a signalling 
channel, such as the FACCH, using out of band signalling transceivers 15, 
17 in the BSS 10 and MS 12, respectively. Alternatively, this scheme may 

25 directly send the four bit pattern via a signalling channel such as FACCH. 
The former, will be that case if the DTMF tone was generated outside the 
mobile switching centre (MSC) and the later may be the case if it was 
generated inside the MSC. In practice, the PCM samples are passed to 
both speech coder 11 and a DTMF detector 16 in the BSS 10. If the DTMF 

30 detector 16 finds a DTMF tone, it instructs the out of band signalling 

transceiver 15 to send that tone via a the signalling channel. The matched 
out of band transceiver 17 in the MS will pick up this tone from the 
signalling channel and send it to the DTMF generator 18 in the MS. The 
DTMF generator 18 toggles the switch 21 from A to B and outputs the 

35 necessary DTMF tone. In normal speech the switch is in position A. 

The problems with each of the above schemes are as follows. In the 
transparent scheme of FIG. 1, it has been found that a full rate speech 
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codec (coder/decoder combination module) can pass DTMF tones through 
with allowable degradation under certain circimistances but that a half 
rate speech codec cannot. In both cases, neither result conforms to CCITT 
requirements. 

5 The problems of the inband scheme of FIG, 2 are that the speech 

codec works on a 20 ms frames basis whilst the DTMF detector 16 needs at 
least 60 ms (40 ms for tone plus 20 ms for allowable pause during tone) 
before it can detect a tone, according to CCITT specifications (Q.24). This 
means either a DTMF tone is sent twice (once via the normal speech path 

10 using normal speech frames and once via the normal speech path through 
the special speech frame after the DTMF detector 16 has foimd a tone) or 
that the speech path must exhibit a delay in the order of 60 ms plus in 
order to await the possible detection of a tone. In the case where two tones 
are transmitted, two tones will be received. The first tone received cordd be 

15 the same as the desired tone or corrupted to the extent that it looks like 
some other tone. Neither of these results is desirable as the DTMF 
receiving equipment could perform imexpectedly. 

Delaying the speech means a significant degradation to all speech 
calls and even the inter-operability of echo cancellers, the delay is quoted as 

20 60 ms plus as the alignment of the tone which is not related to the 

alignment of the 20 ms speech frames that the speech coder handles. 
Thus, in the worst case a delay of 80 ms is needed. 

It has been suggested that a DTMF detector could be mad^ such that 
it coxild respond to tones after say 5 ms instead of 40 to 60 ms. Such a 

25 DTMF detector has not been specified or even feasible and will certainly 
mean non-conformance to CCITT DTMF standards. 

The out of band scheme of FIG. 3 shares the same problems as the 
inband scheme, e.g., an intolerable delay or double tone 
transmission/generation problem. Moreover, the out of band scheme has 

30 the further problem that the FACCH channel affects both directions 

(uplink and downlink) and the inability to control the duration of the tone. 
Also, if the DTMF detector 16 is located at the BSS transcoder 11, new 
functionality is required to connect the transcoder with the signalling 
system. 

35 Thus, it is desirable to have an apparatus and a method for reliably 

outputting DTMF tones from a mobile station operating in a digital cellular 
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communications system. It is also desirable to have an apparatus and 
method for outputting DTMF tones in conformance with CCITT standards. 

Summary of the Invention 
5 According to the present invention a communications system is 

provided comprising a base station and a mobile station arranged for 
communication including transmission of DTMF signals wherein the 
mobile station includes a DTMF output separate from an audio output. 
According to the present invention a method is provided for 

10 outputting DTMF tones at a mobile station including outputting the DTMF 
tones at a mobile station's separate second DTMF output. 

In an alternate embodiment, a method is provided for outputting 
DTMF tones at a mobile station in a communications system including 
detecting a DTMF tone at a base station, converting the DTMF tone into a 

15 DTMF coded signal, sending the DTMF coded signal to the mobile station, 
converting the received DTMF coded signal to the representative DTMF 
tone at the mobile station, and outputting the DTMF tone at a separate 
DTMF output. 

20 Brief Description of the Drawing 

FIG. 1 shows prior art transparent downlink DTMF transmission. 

FIG. 2 show prior art inband downlink DTMF transmission. 

FIG. 3 shows prior art out of band DTMF transmission, z 

FIG. 4 shows a preferred embodiment according to the present 
25 invention. 

FIG, 5 shows an alternate embodiment of the present invention. 
FIG. 6 shows a flow chart for a method according to the preferred 
embodiment of the present invention. 

FIG. 7 shows a flow chart for a method according to an alternate 
30 embodiment of the present invention. 

Detailed Description of the Preferred Embodiment 

Referring to FIG. 4, for inband downlink transmission, a block 
diagram shows that the PCM input 9 is sent to the speech coder 11 and the 
35 DTMF detector 16 of the BSS 10. A standard implementation of a DTMF 
detector may be used. If DTMF tones are detected then special speech 
frames are used to send representative DTMF signals to the MS 12. In the 
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MS 12, the speech decoder 13 reacts to the receipt of such special speech 
frames to regenerate the DTMF tone in the DTMF receiver/generator 18 
and outputted at a separate output 25 from the audio output 14. 
Similarly, referring to FIG. 5, for out of band downlink 
5 transmission, a PCM input 9 is sent to the speech coder 11 and the DTMF 
detector 16. A standard implementation of a DTMF detector may be used. 
If DTMF tones are detected then an out of band signalling transceiver 15 
sends representative DTMF signals via a signalling channel to the MS. In 
the MS 12, an out of band signalling transceiver 17 receives the 

10 representative DTMF signals and sends the representative DTMF signals 
to the DTMF generator 18 to regenerate the DTMF tones and outputs the 
DTMF tones at a separate output 25 from the audio output 14. 

FIG. 6 is a flow chart describing a method for the embodiment of the 
present invention described in FIG. 4. The BSS awaits 20 ms PCM signals 

15 as in step 30. The PCM signals are inputted to the speech coder of the BSS 
as in step 34. The speech coder then compresses the PCM signals and puts 
them into a speech frame as in step 36. The compressed signals are 
passed through the rest of the BSS and transmitted to the MS where they 
are sent to the speech decoder as in step 38. The compressed signals are 

20 then processed through the speech decoder of the MS as in step 40 and 
outputted at the audio output 14. 

The PCM signals inputted at step 30 are also processed by a DTMF 
detector as in step 42. If DTMF tones are foxmd, as in step 44, they are 
coded to a four bit representative DTMF signal at the speech coder as in 

25 step 46 and put into a special speech frame in step 36. The DTMF coded 
signals are, passed through the rest of the BSS and to the MS to the MS 
speech decoder as in step 38. If the speech coder receives a special speech 
frame as in step 48 a DTMF receiver/generator extracts the four bit DTMF 
tone from the special speech frame and generates the DTMF tone as in step 

30 50. The DTMF tone is then outputted at a separate DTMF output 25. If in 
step 48 there is no special speech frame received, a DTMF pause is 
generated as in step 52 and outputted at DTMF output 25. 

FIG. 7 is a flow chart describing a method for the alternative 
embodiment of the present invention described in FIG. 5. The BSS awaits 

35 20 ms PCM signals as in step 30. The PCM signals are inputted to the 
speech coder of the BSS as in step 34. The speech coder then compresses 
the PCM signals and puts them into a speech frame as in step 36, The 
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compressed signals are passed through the rest of the BSS and transmitted 
to the MS where they are sent to the speech decoder as in step 38. The 
compressed signals are then processed through the speech decoder of the 
MS as in step 40 and outputted at the audio output 14. 

5 The PCM signals inputted at step 30 are also processed by a DTMF 

detector as in step 42. If DTMF tones are fotmd, as in step 44, they are 
coded to a four bit representative DTMF signal at the speech coder as in 
step 46 and passed to a BSS out of band transceiver as in step 47. The 
DTMF coded signal is then passed through the rest of the BSS and 

10 transmitted to the MS to the MS out of band transceiver as in step 49. If 
DTMF coded signals are received as in step 51 the DTMF generator 
extracts the DTMF tone and generates the tone as in steps 53 and 55. The 
DTMF tone is then outputted at DTMF output 25. If in step 51 there are no 
DTMF coded signals received, a DTMF pause is generated as in step 52 and 

15 outputted at DTMF output 25. 

The apparatus and method provides for a separate DTMF output in 

the MS. 

The DTMF detector of the present invention is run in parallel with 
the speech coder at all time in the BSS. The speech decoder is run in 
20 parallel with the DTMF receiver in the MS at all times. 

The speech samples that the speech coder analyses are also fed to 
the DTMF detector. The purpose of the DTMF detector is to continuously 
look for DTMF tones according to CCITT recommendations. Once found, 
the DTMF detector will signal the speech coder to send a special speech 
25 frame in place of the normal speech frame (i.e., 4 bit code, via inband or 
out of band). 

In the MS, the DTMF receiver will detect the receipt of the special 
speech frame and pick up the information in it to regenerate the DTMF 
tone for output to the new DTMF output. The exact nature of the signal 
30 that emerges from the new DTMF output in the MS will be conformant 
with any DTMF receiving equipment that it must operate. It may be a 
digital signal such as the 4 bit pattern or an analogue signal such as a 
DTMF tone. 

When speech is generated, this is passed through the speech coder 
35 and received by the speech decoder as normal. The BSS's DTMF detector 
will not detect DTMF and so will take no action. The mobiles DTMF 
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receiver will not detect the receipt of a special speech frame and so 
generate silence or no signal at the new DTMF output. 

The present invention removes the problems associated with receipt 
of the DTMF tone twice as only one (the good or desired) tone is sent to the 
5 DTMF receiving equipment. 

The apparatus and method of the present invention allows a 
standard implementation of a DTMF detector in place of a possible custom 
lower performance one, including a custom DTMF detector that detects 
tones after 5ms. 

10 The present invention has been described with reference to a mobile 

station and a base station system as defined by GSM but is not meant to be 
limited to such. 

The problems with the inband and out of band prior art for downlink 
DTMF transmission for full and half rate can be overcome by the use of an 

15 additional separate outputs for DTMF in the MS. This output is used, 

instead of the normal audio mobile output, to connect to DTMF receiving 
equipment at the mobile site. The DTMF detector required in the BSS's 
speech coder is one that conforms to CCITT performance and so such 
performance is achieved. Thus an apparatxis and method for outputting 

20 DTMF tones from a MS in a digital cellular commumications system in 
conformance with CCITT standards is provided. 
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Claims 

1. A communications system comprising a base station and a mobile 
station arranged for communication including transmission of DTMF 

5 signals wherein the mobile station includes a DTMF output separate from 
an audio output- 

2. A mobile station for use in a commimications system wherein the 
mobile station may receive DTMF signals from time to time, the mobile 

10 station comprising a DTMF output separate from an audio output- 

3. A method for outputting DTMF tones at a mobile station in a 
communications system where the mobile station includes an audio output 
and a separate second output, the method comprising the step of: 

15 outputting the DTMF tone at the mobile station's separate second 

DTMF output- 

4. A method for outputting DTMF tones at a mobile station in a 
communications system including a base station and at least one mobile 

20 station where the mobile station includes an audio output and a separate 
second output, the method comprising the steps of: 

receiving the DTMF coded signal from the base station at the mobile 
station; 

converting the received DTMF coded signal to the representative 
25 DTMF tone; and 

outputting the DTMF tone at the mobile station's separate second 
DTMF output. 

5. A method for outputting DTMF tones at a mobile station in a 

30 communications system including a base station and at least one mobile 

station where the mobile station includes an audio output and a separate r 
second output, the method comprising the steps of: 
detecting a DTMF tone at the base station; 

converting the DTMF tone into a DTMF coded signal at the base 
35 station; 

sending the DTMF coded signal to the mobile station; 
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receiving the DTMF coded signal from the base station at the mobile 
station; 

converting the received DTMF coded signal to the representative 
DTMF tone; and 

5 outputting the DTMF tone at the mobile station s separate second 

DTMF output. 

6. A method of outputting DTMF tones as substantially as herein described 
with reference to FIG. 6 of the drawing. 

10 

7. A communications system as substantially as herein described with 
reference to FIG. 4 of the drawing. 
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